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ABSTRACT 


A partial sensitivity analysis of Schaffer's Lanchester- 
based ambush combat model is undertaken, with ambusher and 
ambushee force sizes at various times during the ambush used 
as measures of effectiveness. Besides a single variable anal- 
ysis a oa factorial analysis is completed with model sensi- 


tivity measured numerically by mean square values. 
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I. INTRODUCTION 


The ambush has become a very popular form of combat 
during the past twenty years. Using fewer men with the help 
of some explosive mines and a sudden surprise attack from a 
@emeealed and weli-protected position, the ambusher force 
usually achieves a significant advantage over the force 
being ambushed. Ambush actions in the past and the guerrilla 
warfare in Southeast Asia suggest that an effective ambusher 
force size is about one third or one fourth that of the am- 
bushee force [3]. Typical ambush tactics involve waiting in 
the area where the enemy is expected to pass by; when the 
eaemy Nas Completely entered a pre-selected "killing zone" 
mremambushers begin the surprise attack with a very high rate 
Seeerare, Then, mye hoe eiercomis es lonely reducedeand the 
ambushers begin to withdraw. In most ambush attacks, the am- 
Dueiers use explosives such as claymores, hand grenades, or 
Memereaevices to cut down the enemy force,size and firepower 
at the beginning of ambush engagement. 

Often the ambush engagement lasts only a short period of 
miiieme LOr CXample, two to five minutes, because the ambushers 
Mreter a ‘hit and run" bIcEIC mE Ona  prOronged Engagement. 
Having taken advantage of the surprise factor, it is prefer- 
able to withdraw if the ambusher force is outnumbered, or 
Bears the arrival of a reaction force or reaction supporting 


mrre . 





The ambush has been modeled by Marvin B. Schaffer [6] 
wiomaeveloped from Lanchester's basic models attrition rate 
equations permitting numerical computation of the ambusher 
force level and the ambushee force level at specific times. 
Schaffer's ambush combat model includes many parameters 
Sescribing the nature of the conflict and the capabilities 
and behavior of participants. In this thesis we will be 
trying to consider and investigate the impact of each param- 
-eter or combination of parameter values upon the numerical 
outcomes of these ambush combat models. 

In a recent study, Riddhiroj [5] applied Schaffer's am- 
bush model to five different types of ambusher deployments 
meeneclaymore tactics, selected from combat experiences. 

His five different types of ambushes used essentially the 
Same tactics except for the locations of the ambushers and 
the ambush firing zones. The variation was achieved by 
Siemeing appropriate parameter values in Schaffer's equations. 
The work in this thesis may be viewed as an extension of 
P@aniro;'sS, in that we intend to investigate a wider range 
of parameters and determine the effects on ambush outcomes. 

Poetieenext chapter we will talk about the Lanchester 
basic equations Cwelowietritvon rate equations which are 
the basic concept of the ambush model, and then we will go 
Om with Schaffer's equations and the uses of claymores. 
Chapter [II is about the design of a sensitivity analysis 
for the model parameters. Numerical results are presented 


in Chapter IV. Chapter V, the last chapter, will be the 


ie 





Gonclusion of this thesis and includes recommendations for 
further study. The appendix attached to this thesis gives 
the numerical ambush combat results obtained from the computer 


output. 


Be 





Dee bane eviblion MODEL 


This chapter is concerned with models of ambush. Begin- 
ning with Lanchester's basic equations, an ambush combat 
model consisting of eoitaten Tate equations by Schaffer will 
be presented. Then we will describe the changes to the 
Schaffer equations by Riddhiroj which brought claymore ef- 


fects into the model. 


PeeCANCHESTER'TS BASIC EQUATIONS 

Riou Fo We Lanchester [4] tried to develop a quanti- 
Eee COMbal representation through an idealized mathemati- 
emmemodel of yon Clausewitz's Principle of Concentration in 
modern warfare. In a combat scenario where each firing unit 
may take any enemy unit under fire, and once a unit destroys 
an enemy ane memeanermmncdiatcly Shitt 1tS fire to a mew 
mmeet, Lanchester postulated the following system of dif- 
Mmememtial Cquations for combat beginning at time zero between 


two homogeneous forces with instantaneous force sizes X and 


ee: 

Se = - ay (1) 
and 

ne (2) 


Merc a iS the "average" rate at which a single unit of y 
Beetroys x forces, b is “average'’ rate at which a single 
Eire nOr Xx destroys y forces, and a and b are referred to as 


the Lanchester attrition-rate coefficients. 


We 





When (1) is divided by (2), 


ec pee ay 
ake Ghia) Spe 


ci 
bxdx = aydy . 


Peer ration on both sides yields the following result: 


DG mae cCy.=)y ) (3) 
where x, and Y, are the initial force sizes for force x and 
mormce y, respectively. This result (3) 1s called the Lan- 
em@emter oquare Law. 

There is another type of Lanchester model which is called 
memenester Linear Law. This model results from the assumption 
of an oe Pimimoemode USed By each force, The attrition 


rates for this model are 


ok = - a xy (4) 


aime 


at 


By dividing and integrating in the manner of (3) we have 


: b {xy ° (5) 


by (X%-X) a Th ae (6) 


which is clearly a linear model. 

A mixed linear-square law case for the ambush type of 
combat has been proposed by Deitchman [3]. This model is 
based on the fact that the ambusher force fires from con- 
Sealed positions with the ARBs BOncenlie nis stull yew. 


iicmcaiolishee terce, in defending itself, fires at the area 


eS 





it thinks the ambusher force occupies. Then for an ambushee 
force of size X and an ambusher force size Y, the attrition 


moees are: 


d 

apo” Ay (7) 
and 

a = - Byx (8) 


where A and B are the attrition rate coefficients of the am- 
bushee and ambusher forces, respectively. The above two 


mererential equations yield the mixed model 
a = 2250 
CNG = Bitx - x") (9) 


where a and Yo are the initial ambushee and ambusher force 
mmemererespectively. The attrition rate coefficient of the 
paeticr fcrce, B, is taken to be the rate at which a single 


rifleman of the ambushee force kills the ambushers. Here 


A 
= e 
Dea on o> 
y 
where 
i= rate of fire of each of the ambushee force weapons, 
a = area of target which if hit would produce a casualty, 
and 
Ay, —TeOecaleared which the targets occupy. 


ine attrition rate coefficient of the ambushee force X 


meee. Here, 


where 


PMPs eco tirerorf Gach of the ambusher force's weapons, 
and 
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P= cine bee soteki ll probability of the ambusher force's 
weapon in aimed fire. 
B. SCHAFFER'S AMBUSH EQUATIONS 

ineociatter's paper [6], the term "ambush" is defined as 
geeeoerprise attack, Causing weapon efficients on both sides 
to undergo rapid and significant change during the early 
mmnos or: Contlict.'* Besides this definition, Schaffer also 
mentions that in the absence of supporting weapons, the am- 
peer 1S usually successful against forces numerically 50 
Memeent, and often 100 percent, larger. Even when the amn- 
bushee employs aggressive responsive tactics and ultimately 
eiees thie ambusher to break contact, the engagement can be 
mmemecess for the ambusher, provided he breaks contact be- 
mememcne larger force can take proper advantage of its 
numbers. 

because Of the surprise element in an ambush, defensive 
Gover in initially minimal. As the engagement progresses, 
the ambushees seek whatever cover is available and gradually 
mameye Cheir situation. The attackers, on the other hand, 
have a relatively secure position which remains essentially 
unchanged until the contest ends (or until they choose to 
break off the engagement). 

The ambushees generally enter the contest by engaging 
Mummarea tire, because of their lack of preparation for the 
immediate conflict. However, as the battle unfolds, the 
mewelise Maneuvers, attempts to locate the attackers, rushes 


the opponent's position if possible, and gradually switches 
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feemearea to armed fire. the ambushers, on the other hand, 
engage in aimed fire throughout, although its net quality 
deteriorates with time. 

The Schaffer model for ambush involves two rather more 
extensive differential equations than the Deitchman formulation. 


fem the ambushee side, the attrition rate is 


SE = -(1-by)K (ty - cZ-1)* - (1-b,) FB, (t,x), (t) 


where 2% E,(t,x)W. (t) reflects the support weapons of the am- 
1 
busher force, and oD is the ambusher small-arms weapon 


efficiency coefficient. Here, 


is Ap (t)P 
2710 2 
yi 


hk 
k (t) = : 
y bt) 


where - Pe eicm—atteOlLeLiteuOLetne ambusher force, Ph. k 1s 
the conditional probability of kill given a hit, and a, 1s 
@iemradial dispersion of a single round fired by the ambusher. 
The probability that a single ambusher round hits the target 


Meyeee represented as 


ae) 
ZO Sa 
ye 
where A, (t) feetomaGceawotLethe target through which the am- 
fieter round must pass for a hit to be scored. In particular, 
A, (@) 


A(t) = ——————:~SC> 
ate gle oes at-B 


where Ap (@) PCM ia ee pnresented target aréa of an 


individual in steady state. 
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The factor De 1S a constant associated with troop dis- 
cipline. This constant, by» iamerined tO be equal to or 
less than zero depending upon how well disciplined the 
jeeps are. A value close to zero indicates better disci- 
pene than Panties Cittemineeraremerowezero. A coefficient 
retiecting "desertions" associated with being’ outnumbered 
1s et) , for the ambusher, and the term Ge): is 
Poeen to retiect the ambushee force's rate of withdrawal. 
iiemartrition rate contribution produced by the supporting 


weapons of the ambusher force is given by 
2 
Fi E.(t,x)W, (t), 


Witere the ES Mecmi ne sca pOnectiile1encies Of the ambusher’s 
1 types of supporting weapons over time, and W; (t) Perileets 
the strength of a supporting weapon strength of type i over 
ane, 


For the ambusher side, 
dy _ 4 E ic 
de ~ “Ky (yst)x - cy(t)(-1)* - 2 Bi (ty); (t), 


where ky ,t) PmeMemweapomschrtte1ency coctficirent for the 


ambushee force, and cy (t) is the withdrawal coefficient. 


Here 
k (yt) = k'(1-e 1") + ktye ¥* 
where 
E A. 
t= a 
i r,( Ay, ) “hk 


and 





When t = 0, the attrition rate coefficient, k, (y,t), takes 
Eeiewappropriate form for area fire, k'y, and when t is very 
large this coefficient takes the form for aimed fire k". 
The constant y reflects the rate at which the ambushee 
force can shift from area to aimed fire. 

The term c(t) (F-1)? reflects the ambusher force's rate 
of withdrawal from ambush site. The withdrawal coefficient, 
cy (t) icomiiterpretca Dy wochatter as a step function which 


ws dependent on both time and the ambushee-ambusher force 


ratio, and it is defined as 
a E xX. 
c(t) = [cy] CH(t-t,)H(>-1)], 
hiteteel1 is a unit step function, ty is the time required for 
the discipline of an ambusher to deteriorate to the point 
when he may desert, and cy retlects the training and moti- 


vation of the ambushers. Thus, c, (t) is a positive value 


when £ aes and > 1, and zero otherwise. 


fee USE OF CLAYMORES 

Explosives are often used by ambushers. Some of these 
eepr@sives are the trap types such as the pressure trigger 
trap and the trip wire trap, and some are the ambusher- 
Seetatced type such as the claymore and hand grenade. The 
meaemot €xplosives in an ambush is as part of the surprise 
Mime the ambushed force is still exposed, so that it will 
be easier to annihilate the rest of the enemy force by later 


emaltl-arms fire. 


18 





Riddhiroj [5] introduced the use of claymores by the 
ambushers into Schaffer's model. He assumed that there were 
two men from the ambusher force who operated these claymores 
from a concealed position. These two men were assumed to be 
safe from the small-arms fire from the ambushee side and 
from the explosion of the claymores. The claymores were 
controlled to explode when the whole column of ambushees 
were in the ambusher's preselected -killing zone. 

The claymores used in this model by the ambushers were 
fired only once, at the beginning of the ambush engagement. 
Immediately after the claymores were fired, small-arms wea- 
pon fire from the ambusher began. 

Poeause of the men controlling the claymores, the force 
Size at the beginning of ambush engagement would be Cr - 2) 
where Y, was the total number of men belonging to the am- 
busher side. For the ambushee force, the initial strength 
was reduced in Riddhiroj's work to x, (1 - ao) due to the 
casualty caused by claymores. Here, Ee is the average kill 
poomdoetrlity (lethality) from the burst,of the claymores. 

Mence, the attrition rate equations of Schaffer when 
Smeymores are involved will be in the following forms. For 


ambushee side, we have 


d(x-x_P,) ES) 
gp = -1-b DK (t) (7-2) - oC aA - 1)? 


(dob) EBS (tx)W, (t), 


and for the ambusher side, we have. 
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x-X PL 


ane LOPS. oo Se 2 
pot = -k, (yt) O6x,P,) -c (t)( Sf - 0) 
- 2 E.(t,y)W. (t 
Pee ey 
Here , 
Baty.t) = k’(1 - e ") + k'(y-2)e™ 
where 
ac 
kr = ry A Paik 
Y 
anid 
A 


Poe e 
K rT. ( 27102 ) Ph,k 


Now it can be seen that when the claymore tactic is added 
to Schaffer's model, the model remains in the same forin ex- 
Bcpesthat the values of the force sizes are reduced from x 
to X-X Py Ome ewomanmuistccsmandsy tO y-2 for the ambushers. 
In the next chapter where the design of parameter analysis 
Will be made, we'll talk about the measure of effectiveness, 
the assumptions made from the earlier thesis by Riddhiroj 


and the analysis methods used in this paper. 
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PPeanN OrsoeNollIViTY ANALYSIS 


heetnis Chapter we will discuss the use of Schaffer's 
ambush model made by Riddhiroj and the special case of that 
ambush model which resulted. This forms the basis for the 
Beamemeter sensitivity analysis in this paper. Our discussion 
of the design of the sensitivity analysis will include con- 
Sideration of the parameters which were selected for our 


Study and the measure of effectiveness used in the analysis. 


A. AMBUSH GENERAL SCENARIO AND ASSUMPTIONS 

Im general, the ambush engagement takes place in the 
area selected by the ambushers, who will be waiting in a con- 
cealed position for their enemy. The force being ambushed 
cannot see the ambushers but they may realize that they might 
by surprised by ambushers at any time in this area. The an- 
Meemtees, in defending themselves by returning fire to their 
petiys tire first at the area they think the ambushers are 
aeemeving, They may call on supporting wedpons or request 
iewomerom Supporting units in a rear area, but before sup- 
porting weapons or supporting units can help the ambusher may 
withdraw due to a fear of possible counterattack and fire 
from mae) enbusher’ s Suppor tinceunlt’s. 

In this study, we assume that because of ambusher with- 
drawal, the ambush engagement will last no more than three 
minutes. Also we will follow Riddhiroj's assumption that 
the ambushers will have no supporting weapons. The troop 


discipline factor in the model will be assumed equal to zero 


oe 





here, implying well-disciplined troops. With these assump- 


tions, the attrition-rate equation for the ambushee force 


becomes 
d(x-x_P,) 
o ke _ 0S 2 
ai. = k(t) (y 2 ) Cy [ aoe Py jie] ’ 
where 
eto oye 
Pavel. h,k 
ky (t) 7 2T6. 
and 
as Ay (*) 
L — 
a 1 - @ at-B 


In the same manner as the ambushee force, we also assume 
that there are no supporting weapons for the ambushers. Then 


the attrition-rate equation for the ambusher side is reduced 


£0. 
(2a) 
d(y-2) 2 ee A Okey. 2 
Ae k (y,t) (x xP A) cy, (t) i Gap i] 
where 
ions K*(l = © “") + k*(y-Z)e *", 
Ae 
eae me) Ak 
> 
and 


ee xt HE Phk 
x 
Note that the assumptions made in this model are the same as 
the assumptions made by Riddhiroj [5]. 
The attrition-rate equations given above are considered 


here to be a special case of Schaffer's ambush model and the 


GZ 





parameter analysis we are going to work with will be based 
Sumeemis Special case. However, Schaffer's general model 
may be studied by the same approach that we use in this 


study. 


B. PARAMETER ANALYSIS 

The purpose of the analysis in this thesis is to inves- 
tigate the variation of model predictions of ambush outcomes 
when the parameters in the model are numerically varied. 
Since the model we are working with is clearly non-linear, 
meguires numerical solution, and involves many parameters, 
femmes Gitficult to determine sensitivity to parameter by 
Only inspection. Our work here will be to assign different 
mlamsible values to the parameters in model, and compute 
Meemoredicted ambush results in terms of ambush measures of 
Setectiveness. (These measures of effectiveness will be 
mememosed later in this chapter.) The two techniques of 
parameter analysis to be used are described below. 

Mme oingle Parameter Analysis 

POreenhis type Of analysis, we mR ililow Cache param 

Preeteeeo take on its lower bound value and its upper bound 
Temes while the remainder of the parameters awe ekep tuner xed 
fierce initial values that were assigned by Riddhiroj. In 
Mimeework, we will point out the differences of the combat 
Seecomes at the end of three minutes after the lower value 
and upper value of parameter have been tried and we will 
meso Keep the engagement going until one force is annihilated, 


Memeotablisiea “Winner. Ihen, we will explain the remaining 
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ambush combat results, for example, the winner's force level 
eamene total time to destroy the losing force. 
Ze, oN Bactorlaleanicshys 1s 

This method of analyzing parameters of the model is 
mommeany them at the same time, permitting interactions to 
be studied. In a factorial analysis, the quantity of data 
which must be computed will depend on the number of param- 
perms. tt, tor example, there are two parameters to be 
Varied, each at maximum and minimum levels, then there will 
be four combinations: 

Pa Step oraiicuct koemax, 2nd parameter is max 

Tae eeporonceen oman, cd parameter is min 

3. 1st parameter is min, 2nd parameter is max 

ae See parancecr 25 nin. 2nd parameter 1s min. 

POrmUlGceupalrameters, tne number of numerical solu- 
Paors to enemnedel would be 8 = oo Anise MO lis 6 Od 
Pepeeeameters in which each parameter is used at two levels, 

Ke 


the number of trials needed will be 2°. (Since the model is 


fe@emimistic, replications are not neédéd.) 


fete ClION OF PARAMETERS FOR ANALYSIS 
Ptimough the model is a special case, there still are 
iemveparaneters involved. Let's consider our model again. 


We have 


d(x-x P)) (y-2) > 
"= “ky (t) (y-2) a Gx PL) eo 


where 
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and 


ry Ag (t)P 


z Ms 
Ky (t) a amo g 
A, (@) 
fi 
Ap (t) = ree 
T 1-e t B 


On: the ambushee side, and 


d(y- 
ty 2) 


where 
k (y,t) 
k! 
and 
ike! 


_ (x-x,P,) 
plone) (x= xP) - ee eae aie, 


k"(1 - e 'T) + k'(y-2)je '*, 


Ns 
: r, ( A ) hk? 
y 


I 


c 
Tx Troz) Phyk: 


We can list the parameters involved as follows: 


Xx 


ambushee force s1ze 
ambusher force size 


firing rate of each of ambushee weapon (in 
rounds per minute) 


firing rate of each of ambusher weapon (in 
Bounds per minute) 


ivenmape Kill probability of claymore 


minimum final presented area of the individual 
in a steady state (in square feet) 


provapttirty or krit piven a hit 


radial dispersion of a single round fired by 
ambushee (in mils) 


radial dispersion of a single round fired by 
ambusher (in mils) 


spceamatewiten the amnbushee can approach the 
Jevel of his maximum cover (in minute §) 
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B = presented area of individual at the instant the 
ambush begins 


A = the area of target which would produce casualty 
fimesquare fect) 


Y = rate at which the ambushee can shift from area 
to aimed fire (in minute ') 


ic = time of engagement (in minutes) . 

A = total area which the targets (ambushers) occupy 
Y (in square yards) 

c(t) = a constant associated with ambushee troop 


duseroline 


a constant associated with ambusher troop 


E(t) 
Y ai Gye soll gee 


We can sec that there are 1/7 parameters in our model. 
At this point the number of trials for our De factorial 


ey 


analysis will be 2 which is a very large number. Instead 


of doing all pal combinations we will reduce number of trials 
Eomdesomaller number by pre-computing some terms in the early 
Stage of analysis. For example, we will attempt to compute 
the maximum and minimum values of k', k" first and use these 
values in the model as parameter values in the analysis. 
The values of XG? tieomamnols hee tO7,Cce SizZ7e , and Yor the fan 
busher force size will be kept constant as will Ee and. ts 
Piel tiic panameters selected for our analysis 


ieee be the following: 


“Si 


Ap (2) 
a 


B 


Z0 





A 
ee e 
aK! where k' = TOP, x 
of 
ee tt c 
k where k ea Tice )¥h,k 
Cy: 


With the number of parameters involved our analysis study 
reduced to eight, the factorial analysis in our work will 
consist of only pe ——7 SomEumaks os inere, sor Some parameter 
such as Ty. Aa Ay: Pik and OL: maximum and minimum values 
aeemprce-selected and substituted in k’ and k" so that early 
analysis work will be dealing with only the values of k' 


omer. ithe maximum and minimum values of k' and k"' then 


will be brought into use as mentioned earlier. 


ieeAOURES OF EFFECTIVENESS 

ieene ambush, the time-dependence ot the weapon effi- 
wee scOCEEICie€nt 1S important. This time dependence re- 
Steee@emarom the changing cover available to individuals on 
the ambushee side and also the defense's gradual transition 
Peeomeearca tO aimed fire as it peorende fomene attack. With 
the attrition model, ambush results are computed in the form 
G@emtonee 51zZ€S for the two opponents at various points in 
Maiewauring the engagement. For ambush measures of effec- 
mimeness tO be used as dependent variables in the sensitivity 
analysis, we will have the following: 

meine ambusher force level at time t of engagement. 

2. The ambushee force level at time t of engagement. 


Pe t@cmamoushec-anbisher force ratio at time t of 
engagement. 
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Each of these measures of effectiveness will be considered 
ememrec points in time during the engagement, namely at 
meaueeeze>, and 3.0 minutes of combat duration. 

Up to here, we have not assigned numerical values for 
these parameters. This will be done in the next chapter 
where we will also show some numerical results of our com- 


putation work obtained from the computer output. 
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ive We SENSITIVITY ANALYSIS 


We have introduced the parameters which will be examined 
in terms of their impacts on designated measures of effec- 
Geveness tOr ambush combat. In this chapter, these param- 
eters will be assigned various values and the sensitivity 
Peammrnowcrrectiveness measures to the parameters measured. 
The values which these parameters can take on are based upon 
fades from Parameter Estimates for Mathematical Models of 
Convoy Ambushes, by Burnell [2], from which plausible high 
and low values were estimated. We will first discuss the 
meouteand results of the single variable analysis, and then 


k 


Give the results of the 2° factorial analysis, where k is 


Miomnumber Of parameters to be analyzed. 


A. INPUTS FOR THE SINGLE VARIABLE ANALYSIS 

For the single variable analysis, we want to know what 
Happens where only one parameter is increased or decreased 
mom tne values used by Riddhiroj (and suggested by Burnell), 
ml@mwe nave tried to select values which are plausible. 
Table I shows selected lower and upper parameter values. 
These values were selected to bracket the values used in 
~Riddhiroj's thesis, which are also shown in the table. 
Meier Parameters for which values used by Riddhiroj 


remain unchanged are 


x = 30 (ambushee force size before they are attacked 
by claymores) 
y = 7 (total number of men on the ambusher side) 


Zo 





iapee 1. Lower and Upper Parameter Values Used in the Single 
Variable Analysis. 


Riddhiroj Values 


Lower Suggested Upper 
Parameters Values by Burnell Values 
Ay (@) - Minimum target area 
PResSeieccaspyy One 
Manes cue t.. deo iors: deo 
Gee Rate of obtain- 
ing cover _param- 
eter, min OZ OleSi/ 2 0.9 
Pee initial target 
Size eparameter Or 1 0.4 0.8 
fees Rate of changing 
@Cemon wii he pa- 
Pane te i. MiMi Ue 425 02516 OR aco 
ae 7 Probability of 
; Peeler yen a hit ro 0.8 D972 
Pw Area OCCupied by 
Y target, sq. yd. 730 1000 1200 
tet Rate of fire, 
Y rounds per min. 10 20 40 
ae 
t = une, 
k ( R, Ee ak 0.00048 0.00096 0.00192 
k'"' = OF Ua tk? 5.6 OS a 


eS 
r,,( 27102 ) Ph k 
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Ss 
It 


k 0.518 (average kill probability resulting from 
the explosion of claymores) 


c,(t) = 0 (desertion coefficient of the ambushee force) 

cy (t) = 1 (desertion coefficient of the ambusher force) 
ou oy, = 10 mils (round dispersion) 

Bi = 0.54 square feet (area of target. which would 


produce a casualty). 


Bee oULTS OF THE SINGLE VARIABLE ANALYSIS 

A computer program solving the ambush attrition rate 
equations was used for the single variable analysis. Re- 
aieetsein terms of force size status at t = 3.0 min. are sum- 
marized in Table II and discussed below. 

fee variation in Minimum Target Area Presented by One 

Man, Av co ) 

The suggested value by Burnell [2] for A, (~) is 
[mcemsa., £t., and we additionally tried 1.3 sq. ft. (value 
eieetally estimated by Burnell) and 1.9 sq. ft. (a possible 
waemeerobtained by estimation). Since Ar (*) is the numerator 


of the equation 


d(x-x P)) er is ee [ae 
it 2moy (1 ~ a 
Eierwambushee attrition rate proportional to Ay (@) - The am- 


bush combat result at the end of 3.0 minutes of engagement 
meeeeis that the ambushee force size is reduced from 30 men 
to 7.698 when Ag (@) —-ieoieeiscmused ana to 4,394 when Ax (*) 
= 1.90. 

The variation in An. (@) does not only affect the attrition 


mate OL ambushee force, but also affects the attrition rate 


oll 





Table II. Summarized Ambush Outcomes at t = 3.0 Min. for 
the Single Variable Parameter Analysis. 


Ambush Status at 3 Min. 


Asbushee- 

Parameter Ambusher Ambushee Ambusher 

Parameters Values Force Size Force Size Force Ratio 
Lower=1.3 5.561 7.698 1.384 
Ay (@) 1.68 pe a8 re Ome 0.977 
Upper=1.9 Stoo 4.394 0.750 

Lower=0.2 6.269 0 0 

a Oro 2 Sycks Sos 02977 
Upper=0.9 5. 010 6.470 1.142 
Lower=0.1 5.860 Aone 0.786 
B 0.4 52.748 Sells 0.977 
Upper=0.8 SO 6.068 eal 
Lower=0.425 5.880 Seco 0.918 
Y | 02 5.16 he Eas Soke 02977 
Upper=0.575 SG S695 1.003 
Lowe r=0.65 55972 TmolG 155 
Ph k 0.8 5.748 Sole 0.977 
d Upper=0.92 5.873 Are A On] 
Lower=730 e726 5.646 0.986 
A 1000 eee 5.618 0.977 
Y . Upper=1200 5.758 5.607 0.973 


meine ambusher side, indirectly through X. For example with 
Ay (*) = 1.3, computer results (Appendix) show that at the end 
fmeowo min. Of engagement time the number of men on the am- 
busher side remains 2 (all ambushers were killed except the 
two men who control siayiores WitvesWatmetess “cover avail- 
able (Ay (2) = 1.9) the ambushee force at that time is anni- 
hilated instead of the ambushers. This suggests that the 
amount of available cover for the ambushed force may indeed 


Mmriuence ambush outcomes. Pieapreces the ambushee side 
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fimectiy amd affects the ambusher side indirectly; the values 
shown in Table II are indicative of the benefits to the am- 
bushee of increasing his eventual cover (decreasing A (~)). 

2. Variation in the Rate of Obtaining Cover Parameter, oa 

The high and low values used for a, the parameter 

controlling the rate at which ambushees take cover, corres- 
momamee achievement of 98% of individual cover at three 
Minutes (a = 0.9) and 71% of eventual cover at that time 
(ao = 0.2). Although these percentages both seem high, com- 
puter results show that with the lower value the ambushees 
will have been defeated at three minute point, while with 
the higher value they will retain a slight numerical advan- 
tage at this time. Raiadnistogees value O24 0 =9U55/2 corres - 
Poems CO a gain of 93% of eventual cover at the three minute 
point, and gives the ambushers a numerical advantage at that 
eee | 

_——_varidation in the Initial Target Size Parameter, 86 

The parameter 8 controls the size of targets (am- 

bushees) at the beginning of the engagement (A, (0)). With 
Mameventual target size of Ar (*) =a Gis Gna rt. ; sche. 
values used in Pid Single variable analysis correspond to 


initial target sizes as follows: 


B.- A, (0) 

2 4 tO Ons Clete Ci 
0.4 Sope Sd. £ts 
OFS Sak SQ. bs 


ae 





The computer output of ambush combat shows that at the time 
Bedemin. where 6 = 0.1 the ambushee force size is 4.611 but 
mien 6 = 0.8 the force size turns out to be 6.881. The pa- 
rameter has very little influence on ambusher force size, 
but the effects on ambushees cause pronounced reversals in 
the force ratio at three minutes. 

Let us look at Ap (3) the exposed area of the target 
at time t = 3.0 min. We let the parameter a vary from 0.2 
to 0.9 and 8 vary from 0.1 to 0.8. When a varies we will 
keep B fixed at B = 0.4 and when 8 varies we will keep a 
mexedeat o& = 0.572. Table III shows the different results 
in terms of values of Ay (3) and ambushee force size at t 
= 3.0 min. Here we see the benefits to the ambushee of 


emener having large initial cover or acquiring cover rapidly. 


Table III. Ambushee Target Sizes Used in Analysis. 


Ambushee Force 


Aw (3) See 0 
EG 2.658 0 
eee 0.4 
OO 1.759 6.47 
ee 2.007 ea 
me 0.572 
2 =) & 1.828 6.88 


to Variation in the Rate of Changing Mode of Fire Param- 


cecr, 

The parameter y controls the rate at which the am- 
bushee changes from area fire to aimed fire. With the same 
Mmermne rate, the chance of hitting a target in the aimed 


Eire mode is bigger than in the area fire mode. Thus, the 
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bigger value of y (higher percentage of aimed fire at time 
t) the more casualties the ambushers will obtain. The 
mumerical results in Table If show that changing the value 
Gemeeetrom 0.425 to 0.575 has relatively little effect on 


force levels at time 3.0 min. 


pee Variation in the Probability of Kill Given a Hit, 
Ph k 
1K 


imliscmebcarethatwwhen we increase this probability 
Gorell given a hit we will also increase the attrition rate. 
(In this ambush, it is reasonable to assume that the proba- 
bilities of kill given a hit for both sides are equal since 
both forces use small-arms weapons.) But the rate at which 
memmas hit targets is not the same for the two forces due to 
—eeeeremces im type of fire. The ambushee's use of area 
fire at the beginning of engagement and gradual change to 
aimed fire afterwards is considered to be a disadvantage in 
a short engagement. Looking at ambush status at time t = 
Paueman., we have data to suggest that for small values of 
Ph k the advantage belongs to the ambushee side and for 
bigger values of ae the advantage belongs to the ambusher 
feae. ithe numerical results from Table II show that when 
tk = 0.65 the ambushee-ambusher force ratio is 1.313, but 
when Ph k UmZnthewrOrceeyaule  uurms out to be 0.717. This 
meewaue almost exclusively to ambushee attrition, since the 
a@emsier £orce size at three minutes was only slightly af- 


meered by the changes in PL ks 
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wn acleehOlmelaetae Area Occupied by Target , Ay 


Varying the area containing the ambushers did not 
have much effect on attrition of either force. However, the 
meee r area the ambushers occupy, the lower their attrition 
wauomeas expected. From the table when Ay = 730 square 
foediee the ambusher force level at three minutes is 5.726 
while when Ay = 1200 square yards, the ambusher force level 
Deeemes 5.758. 

7. Composite Variation in oe oes a Ke aad kT! 

Since we have 


A 


e 
r{ A, Pak 


k' = 
and 


flr e 
km = ry 2m02 ) Phak 


the values of k' and k" will depend P Ma (re amd hoo. 
[nee e y y x 

Here, we used upper values and lower values of these param- 

Seton and determined the low and high values of k' and k"’. 


iitemmow and high values of k' and k" were used in the equa- 


tion to compute the ambush outcomes. 


Maple IV. Effects of Attrition Coefficient on Force Level. 


Ambushee Ambusher Ambushee-Ambusher 
Force Level Force Level Force Ratio 

k' = 0.00048 

k'"' = 0.0378 5.190 6.383 Ges 

= = Os ry = 20 

f= 0.00192 

l= 0.1512 O28 9 3.60 3.025 

= 40, Ty = 20 
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The numerical results are shown in Table IV together 
mmeecifferent values of k', k", a and Ty, used as inputs. 


tie, LCTm ay Pence PL CONS Gale IlMimmiis Computation. 


C. RESULTS OF THE 2X FACTORIAL ANALYSIS 


BimaetactOrial analysis the effects of a number of dif- 
ferent parameters are investigated simultaneously. The set 
of treatments consists of all combinations that can be formed 
from different parameter values. Here, the number of param- 
eieemomor k is eight and each parameter has two different 
Malmes Or what we shall call two levels. There were ae or 
256 combinations of combat engagement results investigated, 
as discussed in the previous chapter. 

For multivariate analysis, 256 ambush combat outcomes 
were precomputed using all possible variations of eight 
parameters. Factorial analysis was done for each m.o.e., 
memee@en combat time studied, e.g., the outcomes of ambushee 
memeomrevel at the time t = 2.0 min. 

The computer program used for this 2k factorial analysis 
is called BIOMEDO2V. Details about this input and output 
are given in Appendix A. 

The maximum and minimum values used for each parameter 
Mammen chis case, different from the upper and lower values 
Seeeene Single variable analysis and are shown in Table V. 
The reason for using different values is that we wish com- 
binations of extreme values of the parameters, rather than 


a mid-range values used in the single variable analysis. 
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Table V. Numerical Upper and Lower Values of Parameters in 
Factorial Analysis. 


Parameter Upper Values Lower Values 
r 40 10 
Y 
Ay (*) | Zeal) 0.1 
a 6.2 0.1 
kb 220 Oe 
Y 0.80 OF 202 
k' 0.00192 0.00048 
k" OL S72 OeUs7s 
Cc 1.0 0 
Y 


wemeaialysis center on the portion of the BIOMEDOZV pro- 
gram output providing mean square values for each source of 
Weenanton. these are partially summarized in the tables be- 
low. Table VI will show the result of our analysis at am- 
Dusimetime t = 2.0 min. Table VII and Table VIII will show 
M@aemnesults for t = 2.5 min and t = 3.0 min, respectively. 
Other details of the results can be seen in the appendices. 

The output of BIOMEDO2V program shows the sums of squares 
and mean .squares, and since our data is determinate, no 
statistical interpretation is made. We can interpret this 
suet by inspecting the sums of square values for each 
emcee Of Variation. The bigger number indicates the greater 
significance Gewtnatevarvabile (parameter). Thus we can de- 


termine the Seismtivity tO cach parameter readily. 
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Table VI. Results of Sensitivity Analysis at Ambush Time 


te= 250% 
Computed Mean Squares 
Ambushee Ambusher Ambusher-Ambushee 
Vantab les Force Size Force Size Force Ratio 


1. Ambusher firing rate, 


ry Sreecel 911.80 29.58 
@eeetien final presented 
mrea of target, Ax (2) bee 2ib 4162.05 NSiGenr S 
3. Max cover approaching 
speed, a Za 340.85 IME 7S 
‘eeenatial presented 
auea Of target, 8 1.42 221.34 7.01 
5. Rate of shifting 
miring mode, y 74.08 6.067 1S 733 
ae 
' — : neon 
G. «k rea K Pak 0.48 OF 00-2 O05 
ye 
A, 
ian k" = re 2noz )P. ok 68.64 S55 5 PS eee 
8. Withdrawal coeffi- 
erent , eo Or 0.0 0:20 
Mean Squares Mean Squares Mean Squares 
imte ractions Zale See S oli 
ie 2 Lee S71 L.58 eee. 2 
i, 3 -- 172. OL =i 
1,4 -- 42.95 a 
Z, 3 a 17660 ASS 
a4 = 99.19 2.74 
a5 S00 Sao 2 Oe 
aa 3.83 AOS 1.91 
oe, 4 == 2204 Oe 
De S255 4.75 Yee 
ieee , 3 -- 52.58 1a 
1,2,4 == 90.07 2.98 
1,5,4 -- Aue a 
z2,3,4 = ea 209s 
5, 1 25 Set) mas 
1,2,3,4 -- 90.79 3.00 





Table VII. Results of Sensitivity Analysis at Ambush Time 


Gere ee 50. 
Computed Mean Squares 
Ambushee Ambusher Ambushee-Ambusher 
Variables Force Size Force Size Force Ratio 


Ambusher firing rate, 


Ty 4.92 1204.39 48.44 
Min final presented 
area of target, Ay (?) DM e Soon 4 1 oS are 
Max cover approaching 
Speed, a 2.16 Zoo EOS 7 3 
Initial presented 
area of target, 8B 4.36 198.93 (e307, 
Rate of shifting 
firing mode, y 129237 tee 40.37 
— 
i. 
kt = a a Fee P05 0.05 Oa 2A 
bi 
is ac 
k x Toz Ph k 107.94 POS 1 Ana 
Withdrawal coeffi- 
0 0 0 


erent, c (t 
y | ) 


Mean Squares Mean Squares Mean Squares 


40 


Interactions ee) Saou. 0 > 3.0 
iy? -- 752.24 DG9 
3 -- 58.71 -- 
1,4 -- TORO 2 -- 
7 4.04 -- -- 
2.3 -- 104.81 3.36 
4 3.83 73.59 -- 
2,5 4.15 Ge OZ S27 
a7 13.34 5.54 8.51 
3,4 a 197.43 TGA 
5,7 46.13 -- 22 Ri) 
2,3 -- 124.34 5.99 
2.4 -- 145.82 6.39 
2 ,7 4.07 -- -- 
3,4 -- fy -- 
3,4 S577 Teas 7 -- 
Een) 5 / 4.99 S77 GG e 
ec 50,4 -- 146.70 6.16 





Table VIII. Results of Sensitivity Analysis at Ambush Time 


te= 5. 0. 
Computed Mean Squares 
Ambushee Ambusher Ambushee-Ambusher 
Variables Force Size Force Size Force Ratio 


immmrmousher firing rate, 


ry 61.61 P27, OF 61 Sorby, 
Petia final presented 
area of target, Ay (@) S1S056 0019.58 e976 
3. Max cover approaching 
Speed, a 40.36 TT NG Soe 0S 
meeiaitial presented 
area of target, 8 Meyer 193.40 32.89 
meamerace Of shifting 
mening mode, 55709 Zoe pepe 
ae 
Be Kk! = a Sa Pak eS 0.41 0.0 
Y 
Mo a € 
te 6K Tx" Fro2 ee 49.18 715 Se le 
Peeirundrawal coeffi- 
sue 70) Poe 5 Seon 


1 iE. ic 
cien cy ( ) 


mceractions 


CO ee hh id 


bree ee UT NN DED 
MWNNNNNYNOONPPWIMN AWD 


vw wee we we Ol 
CO fm ON PW 


Mean Squares Mean Squares Mean Squares 


> 5 


DO ase SD 


Sele 
Leo 


Zales) 
ae 2a 
6.49 
iO: 
7249 
6.94 
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aS 


2.510%. SL 
ii. 09 
74.32 


oa 0 
Sif eu.) 
Ze 
ZncA9 


_= => 


Oo 1: 
LO5.20 


eal 


eS 


OW a5 


8.49 
2200 


43.76 
laa 
EUsGy 
41.88 
Daa) 
oes 
Zeal 
6.48 





tape VIII. Continued. 


Mean Squares Mean Squares Mean Squares 
Pnteractions So me) eS 


Looe 57.90 = 
-- -- 5.38 
-- -- 7.08 
-- -- 5.55 

8.01 -- 9.67 

7.01 

-- -- 8.68 
-- 164.98 24.59 
10.98 -- 18.48 

a8 HOe 03 -- 14.57 

40 -- -- 5.10 

iO == -- 5.39 


bee DOR DO | DO DO DO DO BO DO PO 


wv we BW DW De BM DD DW DW WD WD NM 


NPM OTM ~TIOUOWNWW 


wv Ww WM OM DSW DBD DS DH WD OH lh 


UT UTI WN OO CONTI OCOO SIU 
! 
! 
i 
i 


Tables VI, VII, and VIII summarize results from the output 
of the BIOMEDO2V program. We can obtain a measure of the 
sensitivity of m.o.e. to each of the parameter and interac- 
tions by Mmiepectins Enea vabwes or Mean squares. A bigger 
mamue Or mean square indicates a higher sensitivity to that 
mememeter or interaction. Higher order interactions which 
had very small mean squares are omitted from these tables. 
Mmenc tOllowing, a discussion of the numerical results will 
be presented, categorized by the time-measure of effective- 
ness categories. 

mee Ambush Force Status at 2 Min 

Table VI shows computer output results of our param- 
Pm@ee sensitivity analysis when the combat engagement has 
lasted 2 min. Here among the pure, non-interactive factors, 


ambushee force size at two minutes seems most sensitive to 
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the ambushee's rate of changing of firing mode, y. Other 
Suagmeticant factors include the attrition coefficient for 
aimed fire, k"', and the interaction between this and y. 
lgeeors such as initial presented target area and withdrawal 
coefficient, have small values of mean squares compared to 
others. 

faeeermiousher Porce Status at 2 Min. 

HOmmtnts sanousner torce the mest significant factor 
is the minimum final present area of target, An (*) , the next 
Mostesignificant one is the ambusher firing rate, ry for the 
Momestactors. The interaction between An (@) and Ty Sele 
most significant one among those non-pure factors. Again, 
the factor of the withdrawal coefficient, ee) 1s the least 
Se iemrreant factor, having no effect at the time of engagement. 

3. Ambushee-Ambusher Force Ratio at 2 Min. 

Here the factor An (*) whieh has the most effect for 
Picwamousher force remains the most significant factor. The 
mnbiisher rate of fire, Ty which is the next most significant 
miector fOr the ambusher force size is alSo the next most 
emer icant factor for the ambushee-ambusher force ratio. 
ime withdrawal coefficient factor, cy (t) Continues to pe the 
Beast significant one. 

4. Ambushee Force Status at 2.50 Min. 

PieeMost SleMiticant Of pure factors at 2.5 minutes 
femeene Same as those for the ambushee force status at 2.0 
imimees. The difference noticed in this category is that 
the computed mean ee values are bigger than those mean 


pamare values in the 2 minutes category for the most significant 
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factor in which this can reasonably imply that a greater 

dmemperSion 1S present. The non-significant factor, C(t) 

Still has the same computed mean square value. Notice that 

the computed mean square value for minimum final presented 

area of target increases rapidly when time increases. 
meoambusher Force Status at 2.5 Min. 

At 2.5 minutes, ambusher force status yields the 
same results as the ambusher force status at 2.0 minutes. 
Here, again the computed mean square values are larger than 
those in the 2 minute category. 

6. Ambushee-Ambusher Force Ratio at 2.5 Min. 

mite results for this category are the same as in 3 
except for higher values of the computed mean square. 

fee amoushee Force Status at 3.0 Min. 

After three minutes of combat duration, the most 
Significant factor turns out to be the minimum final presented 
area of target factor, Ar (®) ; instead of the rate of shifting 
Biring mode, ¥. The ambusher firing rate, ty and the rate 
@f shifting firing mode y became the second and third most 
Smentiicant factors, respectively. The withdrawal coeffi- 
meelitetactor is not the least significant pure factor any 
fomecee being replaced by attrition coefficient for area fire. 
The interaction between the ambusher firing rate ty» and the 
minimum final presented area of target Ap () was the most 
meemiricant pair among two factor and higher level interactions. 

e- Ambusher Force Status at 3.0 Min. 
Hermits Cateoory the factors An (@) ry and qa are 


Eteemost, second and third significant factors respectively 
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mammetne pure-noninteractive factors. The attrition coeffi- 
ememertor the area fire 18 the least significant factor as 
jets in the ambushee force status category. Also for the 
interactive factors, the interaction between Ay (@) and Ty 
meine Most Significant one for the interaction kinds. 

9. Ambushee-Ambusher Force Ratio at 3.0 Min. 

Mims wcatecory Nas the same results as those in 8 
above. 

In this chapter we showed the results of our two param- 
eter analysis approaches. The values of each parameter used 
meee single variable analysis may differ from those in the 
eed approach but it will not seriously alter our conclu- 
Siemoamoimce im the first approach we only want to tell the 
effects on the model when each parameter is varied separately. 


In the next chapter we will conclude the analysis and make 


some recommendations for further studies in this area. 


45 





V. CONCLUSION AND EXTENSIONS 


In this Schaffer's ambush combat model parameter analysis, 
we included the claymore tactic from Riddhiroj's study so 
mit he Scenario will be more realistic when it is con- 
sidered against the actual ambush combats in the jungle war- 
ieanemor cuerrilla warfare in Southeast Asia. The numerical 
values of parameters used in this study are obtained from 
Burnell's "Parameter Estimates for Mathematical Models of 
Convoy Ambushes." Theoretically estimated maximum and mini- 
mum values of these parameters appear unavailable for use in 
this analysis study. Since only plausible maximum or minimum 
waies Or Parameters were used the results of our analysis 
memmotebe the best result unless the proper maximum and mini- 
mum values are used. But a purpose of this study is to show 
the method of sensitivity analysis for this ambush combat 
mogel, so reasonable approximated values are introduced and 
m@sced in here. 

Our recommendation for a next study would be a variable 
Syeevariable analysis to obtain better estimates of high and 
How Values for each parameter. These values could then be 
Beoe-or future parameter sensitivity studies of ambush com- 
bat models. 

meets Noped that the work presented in this thesis will 
be useful to those who are oered enkchi mathematical models 


of ambush combat. 
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APPENDIX A 


The computer program BIOMEDO2V was used in our work to 
Pew orm an analysis of variance for our factorial design, 
feenieenput data consisting of nine sets of 256 different 
values of ambush combat outcomes. (Note that there are 
Mine sets of data because of three different engagement 
mejecmet —- 2.0 min., t = 2.5 min., and t = 3.0 min, and 
three measures of effectiveness: the ambusher force size, 
the ambushee force size, and the ambushee-ambusher force 
matron the form of data input, for example, the 256 values 
Sumameushee force levels at time t = 2.0 min., is illustrated 
Saecie tOllowing, which consists of eight parameters, each 
at two levels. 


ibewcata may be represented in the form: 


*rabcdefgh 
r= 1 (Replicate) 
a= 1,2 
mend? (Variables) 
h = 1,2 


The program will consider the variable (parameter) 
a as our first parameter 


Bedce Our Second parameter 


and Meas Our GCighth parameter. 
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In preparing data for analysis the data is placed in the 
following order: 


tii 1111 


X-41111112 


A-41111121 


X 11111122 


eye 1211 


Xv11111212 


X 09222222 Where wre=— 1. 


Here our a, b, c, d, e, f£, g and h represent Ty» Ax (@) ; 
aes y, K', k'' and Cy respectively. When a = 1, it means a 
maximum value of Ty» and, when a = 2, a minimum value of ry. 


immomas at the data value notation is oe aed See eanic 


that this value is the result of ambush combat when 

Ty 1s min 

Aj (™) is maxX 
a 1S max 
8B 1s min 
Y 1S max 
fois min 
k" is min and 


wees Max. 
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APPENDIX B: NUMERICAL RESULTS OF SINGLE VARIABLE ANALYSIS 


A,(*) = 1.30 


Time Ambushers Ambushed Ambushed-Ambusher 
(Min) Force Force Force Ratio 
0.0 7.000 30.000 4.286 
0.5 6.815 Vee ey 
ie: 0 62584 Pies 7 12740 
5 Gr oroil Geese 1 G52 
2.0 6.070 9.350 1.540 
me 5 Seoul 8.480 1.459 
SO 5.561 7.698 1.384 
5. 5 SA o22 6.988 lees 
4.0 5.097 6.341 1.244 
a5 4.888 5.746 eee 7G 
5.0 4.116 52255 ee 
Be 5 2.000 4.976 2.488 
A,(#) = 1.9 

Or. 0 7.000 30.000 4.286 
He. 5 6.821 12.0290 noZ 
lee O Oo 10.064 le Z 
1. 5 G5 o7 8.402 leone 
Ze 0 6.194 O95 / ie 0 
m5 6.012 S2015 0.934 
3.0 Soo T 4.394 02750 
5 5 S755 52051 0.567 
4.0 5.641 2.164 0.384 
LS Soc es 0.200 
5.0 5.204 0.138 Ore 7 
5.5 4.596 0.0 0.000 

@ = Q.2 
0.0 7.000 30.000 4.286 
0.5 6.826 1ae70 5 1.650 
i. 0 6.640 8.419 12268 
i. 5 Gee? S 5.861 0.905 
Z.0 Oneats | Soro L 0.556 
Z.5 6.280 leo 4 0.219 
5.0 6.269 0.0 0.0 

a = 0.9 
0.0 7.000 30.000 4.286 
5 Oeeal7 22554 1.839 
.0 6.593 10.994 leet 
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a = 0.9 Continued 


Time Ambushers Ambushed Ambushed -Ambusher 
(Min) Force Force horce: RAtLLO 
1 5= Gos 5 9.675 12523 
ZO G22 8.505 1; 391 
2.5 5.881 FAAS 1.266 
3.0 SoS 6.470 parAZ 
Se 5 5.469 Soo 1.017 
4.0 5.296 4.716 0.890 
Ae Say 3.913 0.760 
DU 4.997 3.154 Oo s 1 
5 4.869 Leal Oe s00 
ce 0 4.726 1626 0.369 
Ge 5 A Sl aor Oras 
7.0 A246 0.516 Ohare 1 
75 Se 0.014 0.004 
8.0 3.189 0.0 0.0 
B = 0.1 
0.0 ToOU0 30.000 AZ S36 
OF. 5 6.823 11.838 Las. 
ie. 0 Gun? 9.893 1.495 
5 6.406 8.304 1.296 
7.0 6.204 6.937 1.118 
ze} 6.020 5720 0.950 
5, 0 5.860 4,611 02737 
oy. 5 Se 27 5 S82 Ol625 
a0 SOL 760 0.464 
4.5 Se 1.680 O20 
by 0 See 0.808 O2nIRS: 5 
5.5 Ao onl 0.030 0.006 
6.0 Ae 255 030 0.0 
B = 0.8 

ow. 0 7.000 30.000 4.286 
0.5 6.815 12.816 Peel 
i. 0 6.585 oe ber 
1.5 6.555 10.084 1.592 
2.0 6.083 8.920 1.466 
Zz. 5 5.840 T2857 1.346 
S.0 So el 6.881 1227.6 
5.5 SO 5.978 13107 
a 0 SALE Ss 6 0.985 
5 Se Or Sell 4.346 0.860 
5.0 APG ae Seuss 0.744 
B.5 AT aul ToS 0.620 
6.0 4.579 2260 0.495 
6.5 4.445 1.648 Oval 
7.0 4.264 JO ee 0.25] 
me. 5 AR O02 Ores 46 0.136 
8.0 Seok OOO On) 25 
8.5 3.041 0.0 0.0 
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yr. 0.425 


Time Ambushers Ambushed Ambushed-Ambusher 
(Min) Force Force Force Ratio 
0.0 7.000 30.000 Ameo 
0.5 6.841 12.299 1.798 
it ©) 6.649 Gees SiG 1.588 
#5 6.446 O07 4 eos 
2.0 Gy244 72064 Teas 
Ze. 5 O05 6.580 leaner 
&.0 5 cud 5.493 On934 
S.5 S728 4.480 O62 
4.0 5.601 G25 04 0.629 
ae. 5 5.500 Zo Oras 
5.0 Soo is Orsi 8 
5. 5 52064 0.941 LSS 
6.0 Aas OF Zr5 0.046 
6.5 AS Gol O20 10 

y = 0.575 
0.0 7.000 50e0 00 A260 
oO. 5 o.o05 00 1.808 
tO 6.0517 5 10.586 oe 
i, 5 62.550 Os. ee Ss 
Ze 0 6.093 7.863 1.2990 
Z.5 Sor Gf77 LeeAG 
oO 5.672 5.693 fe 
oS 5.497 Ae 0.862 
a () 5.349 5845 0.719 
4.5 Saas SG: 0.574 
5.0 5.090 ZO 7 Ora S53 
5.5 A912 1.449 0.295 
6.0 A655 02.755 O ile 
6.5 A eS Orbe Ort05 5 
0 oe we C0 0.0 

Pak = 0.65 
a 0 7.000 30.000 4.286 
0.5 6.816 122708 1.864 
ir, 0 6.587 eee, ie 1G 
5 6555 1h S125 1.597 
2.0 6.084 9.090 1.494 
a5 Sooo Couey 5 10 
3.0 5.592 TeS46 os 
6.5 5.500 6.593 1.229 
4.0 SSS 5.902 eas 
a. 5 4.962 52 205 Ly eal 
5, 0 4,510 4.693 1.040 
5.5 5.9 Si. 4.226 IO 5 
OU 2.000 52020 1.963 
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Pak = 0.92 

Time Ambushers Ambushed Ambushed-Ambusher 
(Min) Force ~ Force Pomee Ratio 
0.0 A 000 30.000 4.286 
OE. 5 G.G2 ~ 11.979 ie 56 
i, O G2 005 9.990 eo ial 
5 6.401 8.298 1.296 
2. 0 6.20 6.807 1.098 
Ze 5 6, 025 5.458 0.906 
520 ' 5.873 4.214 O78 
on 5 527 55 3.046 0.529 
a. 0 50 7a e915 5 Ore o4 | 
5 5.623 0.857 0.152 
5.0 5.186 0.0 0.0 

Ay 7 0 
0.0 7000 30.000 4.286 
0.5 6.811 2505 ees O7 
ie 0 6.589 resol 1.606 
ie 5 eee Orel? 1. 1d 35 
Zz. 0 6.130 7284 2 e279 
a 5.918 6.694 il leak 
S, 0 oOo boo 0.986 
oe 5 Da OT 4.676 0.841 
4.0 aos See 0.696 
4.5 5.299 2.906 0.548 
5. 0 52 L5G 2.089 0.405 
B.. 5 4,963 le eral 0.266 
6. 0 4.679 G6 16 Cees 2 
6.5 4.257 C007. 0.000 
7.0 Seo 15 OPO 0.0 

A. = 1200 

uy 

0.0 7.000 50,000 A286 
wo. 5 6.822 ee OZ lee0.5 
7.0 6.607 eS 7 3 1.600 
©. 5 6.380 9.106 eed 27 
Z.0 O2157.- 7.819 e770 
2.5 5.947 G00 5 ie leZ 0 
Bo. 0 5.758 5.607 0.974 
o. 5 5.591 4.628 0.828 
A. 0 Bea ok Sou PO 0.681 
AS SoG 78 38 S52 
50 5 19.0 ZO 2 0.388 
B.D 4.986 lee 3 0.248 
o. 0 4.684 0.529 Ores 
Oo. 5 A 56 0.0 0.0 
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MEE ENDIX C: 


Ambusher 


5.180 
5.180 
6.528 
6-528 
5.232 
50232 
6-577 
6.577 
6.532 
Geo l2 
6.1776 
6.776 
6.642 
62642 
6.885 
6.&85 
5-182 
5-182 
6.528 
62528 
5-234 
52234 
6.578 
6.578 
6.533 
6.533 
6.776 
6.776 
6.643 
6.643 
6.885 
6-885 
Dieoo et 
Deo ol 


FORCE STATUS AT 2.0 MIN OF ENGAGEMENT. 


Ambushee 


a 


4.995 
4.995 
3.390 
3-390 
4.915 
4.915 
32309 
3.309 
3.358 
3 3518 
3.075 
3-075 
3-209 
3-200 
Cae 
Ze 016 
4.9179 
4.979 
Bet 2 
Seo (2 
4.899 
4.899 
3.291 
3-291 
3-340 
3.340 
3.057 
3.057 
Sear 
Bela 
2-898 
2.3898 
3-740 
3.740 


0.964% 
0.964 
0.519 
0.519 
0.939 
0.939 
0.503 
0.503 
0.514 
0.514 
0.454 
0.454 
0.482 
0.482 
0.424 
0.424 
0.961 
0.961 
0.517 
0.517 
0.936 
0.936 
0.500 
0.500 
0.511 
0.511 
0.451 
0.451 
0.479 
0.479 
0.421 
0.421 
0.695 
0.595 


Ambushee/Ambusher 





Ambusher 


6.703 
6.703 
5.431 
§.431 
6.628 
6.628 
6.899 
6.899 
6.689 
6.689 
6.801 
6.801 
6.589 
6.589 
6.839 
6.839 
6.950 
6.950 
6.85] 
6.851 
eo! 
6.961 
6.956 
6.956 
6.972 
Bee 
6.972 
eee 
6.989 
6.989 
4.070 
4.070 
6.201 
6.201 


Ambushee 


34 


0.0 
0.0 
3.659 
3.659 
ZeiZ0 
2.120 
ee 
1.744 
2.012 
Peon2 
1.988 
1.988 
2.167 
Peller 
Geo 
0.0 
0.0 
G0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

14.028 

14.028 

13.918 

13.918 


Ambushee/Ambusher 


0.0 
0.0 
0.674 
0.674 
0.320 
0.320 
0.253 
0.253 
0.301 
0.301 
0.292 
0.292 
0.329 
0.329 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
32447 
36447 
22244 
22244 





Ambusher 


4.126 
4.126 
6.266 
6.266 
6.182 
6.182 
6.624 
6.624 
6.345 
6.345 
6.793 
6.793 
4.070 
4.070 
6.201 
6.201 
4.126 
4.126 
6.226 
60226 
6.182 
6.182 
6.624 
60624 
6.345 
6.345 
6.793 
6.793 
4.079 
4.079 
6.204 
6.204 
4.135 
4.135 


Ambushee 
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14.023 
14.023 
13.914 
13.914 
Loe9L? 
13.917 
13.896 
13.896 
132907 
Lae Oy 
13.866 
13.866 
14.027 
14.027 
13.918 
PSe01s 
14.022 
14.022 
L3e713 
13.913 
136916 
E35S6 
132895 
1339895 
13.906 
13.906 
13.885 
13.885 
13.974 
13.974 
13.862 
13.862 
135910 
13.910 


Ambushee/Ambusher 


32399 
B99 
2-221 
2-221 
Zeal 
2eeol 
2.098 
2.098 
2-192 
2.192 
2-041 
2-041 
32446 
3 2446 
22244 
22244 
32398 
32398 
22235 
Zale 
Celle 
Zeecol 
2.098 
2-075 
oboe 
2.2192 
22044 
22044 
32426 
32426 
22234 
220234 
32378 
5651 6 





Ambusher 


E2269 
6.269 
6.185 
6.185 
6.2625 
6.625 
6.347 
6.347 
6.793 
6.793 
4.320 
4.320 
6.275 
6.275 
4.3175 
4.375 
6.336 
6.336 
6.260 
6.260 
6.658 
6.658 
6.411 
6.411 
6.813 
6.813 
4.296 
4.2296 
6.270 
6.270 
4.351 
4.351 
6.331 
Geo L 


Ambushee 


56 


13.857 
13.857 
13.860 
13.860 
13.839 
13.839 
13.850 
13.850 
13.828 
13.828 
12.264 
12.264 
11.845 
11.845 
12.245 
12.245 
11.625 
11.825 
11.838 
11.838 
11.761 
£1570) 
11.798 
11.796 
Lior 
11.720 
126250 
12.256 
11.740 
11.740 
12.234 
12.234 
11.716 


11./16 


Ambushee/Ambusher 


2210 
2210 
20241 
22241 
2-089 
2.089 
2-182 
2-182 
2-036 
2-036 
2839 
2-839 
1.888 
1.8838 
Z20f(99 
22079 
1.865 
1.866 
1.891 
1.891 
1.766 
1.766 
1.840 
1.840 
1.720 
1.720 
22853 
2.853 
1.872 
1.872 
2-812 
2.812 
1.851 
1.851 





‘ing 1) > Oy ieee 





Ambusher 


6.255 
6.255 
6.656 
6.656 
6.407 
6.407 
enol 2 
6.812 
4.296 
4.296 
6.270 
6.270 
4.352 
4.352 
6.331 
6.331 
6.255 
6.255 
6.656 
6.656 
6.407 
6.407 
6.812 
ee 
4.343 
4.343 
6.283 
6.283 
4.399 
4.395 
6.344 
6.344 
6.269 
6.269 


Ambushee 


11.733 
11.733 
11.636 
11.636 
11.684 
11.684 
11.586 
11.586 
12 52 
IPE 2s 
11.736 
11.736 
L220 
1220 
1b ledei2 
11.712 
lie 26 
11.728 
11.631 
11.631 
11.680 
11.680 
11.582 
11.582 
11.980 
11.980 
11.453 
M4535 
Pile 9 57 
11.957 
11.429 
11.429 
11.445 
Ide eas 


or 


Ambushee/Ambusher 


1.876 
1.876 
1.748 
1.748 
1.824 
1.824 
1.701 
1.701 
2-852 
2-852 
Lesin2 
1.872 
2-810 
2.810 
1.850 
1.850 
1.875 
1.875 
1.747 
1.747 
1.823 
1.823 
1.700 
1.700 
2.1758 
ZelD0 
1.823 
Poco 
2/18 
2218 
1.802 
1.802 
1.826 
1.826 





Ambusher 


eee? 
PEO? 
6.419 
6.419 
6.816 
enaH6 
5.611 
5.611 
maa 
GAG 
Bass 
5.658 
6.686 
AEBS 
GneS 4 
BGS 
6.829 
6.329 
Dae 
ear 42 
6.915 
6.915 
4.028 
4.028 
6.189 
6.189 
4.084 
4.084 
Pees 
6.254 
6.169 
6.169 
6.618 
Solis 


Ambushee 


58 


11.347 
11.347 
11.395 
11.395 
11.296 
eo 
2.506 
2.506 
inion 
Le SMaYe 
Pee 
EG 
ioe? 
ec 
1.070 
1.070 
0.831 
0.831 
0.924 
0.924 
0.685 
0.685 
Wane? 
14.352 
14.325 
ieee 
14.351 
14.351 
15a 
ieee 
14.324 
14.324 
14.319 
eee 


Ambushee/Ambusher 


1./03 
1.703 
1.775 
1.775 
1.657 
1.657 
0.447 
0.447 
0.166 
0.166 
0.429 
0.429 
0.154 
0.154 
0.161 
0.161 
0.122 
0.122 
Oars f 
Oats 
0.099 
0.099 
3.563 
3.563 
Ze 
20315 
So le 
3.514 
2-290 
2.290 
Lele 
Zoe 
2-164 
22-16% 





Ambusher 


6.333 
6.333 
6.789 
6.789 
4.028 
4.028 
6.189 
6.189 
4.084 
4.084 
6.254 
6.254 
6.169 
6.169 
6.618 
6.618 
6.333 
6.333 
6.789 
6.789 
4.030 
4.030 
6.189 
6.189 
4.087 
4.087 
6.255 
6.255 
6.169 
6.169 
6.618 
6.618 
6.334 
6.334 


Ambushee 
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14.322 
14.322 
14.317 
14.317 
14.352 
14.352 
14.325 
14.325 
14.351 
14.351 
14.323 
14.323 
14.324 
14.324 
14.319 
14.319 
14.322 
14.322 
14.316 
14.316 
14.339 
14.339 
14.311 
14.311 
14.388 
14.388 
14.309 
14.309 
14.310 
14.310 
14.305 
14.305 
14.308 
14.303 


Ambushee/Ambusher 


2261 
2.261 
2-109 
2.109 
3003 
3.563 
2.315 
Zed 
32514 
3-514 
2-290 
2-290 
aaa 
2s922 
2<164 
2-164 
2.261 
2-261 
2.109 
2.109 
Be os 
32558 
Zao i2 
Zesune 
3-520 
3-520 
2.288 
2.288 
2.320 
22320 
2162 
2.162 
26259 
Ze2og 





Ambusher 


6.1789 
6.189 
4.090 
4.090 
6.207 
6.207 
4.146 
42146 
66.212 
62/2 
6.188 
6.188 
6-627 
6.627 
6.350 
6.350 
6.194 
6.794 


Ambushee 


14.302 
14.302 
13.920 
13.920 
13.809 
13.809 
13.915 
13.915 
13.804 
13.804 
13.807 
13.807 
13.786 
13.786 
13.797 
13.797 
13.776 
13.776 


60 


Ambushee/Ambusher 


2.107 
2-107 
3-402 
2.403 
2-225 
2.2225 
3.2356 
3.2356 
2.201 
2-201 
2.231 
2.231 
2.080 
2.080 
Zatds 
2-1/3 
Zoo 
2.028 





si 





Pee NDEX D:; FORCE STATUS AT 2.5 MIN OF ENGAGEMENT 





ont 


Ambusher Ambushee Ambushee/Ambusher 
4.904% 3.225 0.657 
4.904 S3e2e3 0.657 
6.492 0.756 0.116 
6.492 Q.756 0.116 
4.946 3.110 0.629 
4.946 3-110 0.629 
62544 0.646 0.099 
6-544 0.646 0.099 
6.488 0.725 0.112 
6.488 0.725 0.112 
6.152 0.288 0.043 
6.762 0.288 0.043 
6.607 0.499 0.076 
6.607 0.499 0.076 
6.877 0.064 0.009 
6.877 0.064 0.009 
4.907 3.203 0.653 
‘4.907 3-203 0.653 
6.2493 0.734 0.113 
6.493 0.1734 O11 3 
4.967 3.090 OB622 
4.967 3.990 0.622 
6.545 0.623 0.095 
6.545 0.623 0.095 
6.489 0.702 0.108 
62489 0.702 0.108 
6./63 0.266 0.039 
6.163 0.266 0.039 
6.608 0.477 0.072 
6.608 0.477 0.072 
6.877 0.042 0.006 
6.877 0.042 0.006 
52195 1.817 0.250 
B31 95D 1.817 0.350 





Ambusher 


2-000 
2-000 
52252 
Dee o2 
6.615 
6.615 
6.897 
6.897 
6.6717 
6.677 
6.797 
6.1797 
6.572 
6.572 
6.839 
6-839 
6.950 
6.950 
6.851 
6.851 
6.961 
6.961 
6.956 
6.956 
6.972 
6.972 
6.972 
6.972 
6.989 
6.989 
Bare f 
Bole t 
52963 
Bie JOS 


Ambushee 
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0.0 
0.0 
1./04 
1.704 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
13.981 
Peano lk 
¥e.199 
Poet og 


Ambushee/Ambusher 


0.0 
0.0 
0.324 
0.324 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.471 
4.47] 
2-314 
2-314 








Ambusher 


3-185 
3-185 
6.032 
6.032 
5-885 
5-885 
6.514 
62514 
6.079 
6.079 
6.717 
6/17 
Zel2/ 
3-127 
5.963 
5-963 
32186 
3-186 
6.032 
6.032 
5-885 
5-885 
62514 
6.514 
6-079 
6-079 
Oran lad 
6/17 
32140 
3-140 
6.966 
6.966 
Jer oC 
3-198 


Ambushee 
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Poe? t5 
13.975 
13.792 
13.792 
13./99 
eto 
13.763 
Poe 02 
13.784 
13.784 
13.747 
13.747 
13.980 
13.930 
13.798 
13.798 
13.974 
13.974 
13.791 
13.791 
13./98 
i726 
13.762 
136 OZ 
13.733 
13.783 
13.746 
13.746 
13.927 
Ponca 
13.742 
13.742 
We ie an | 


Wore oe 


Ambushee/Ambusher 


4.388 
4.388 
20286 
2-286 
22345 
2345 
Z2el13 
Ze )3 
2-267 
2-261 
2.047 
2-047 
4-47) 
4.471 
2314 
22314 
4.386 
4.386 
2-286 
2-286 
22345 
220345 
Ze lko 
Zell 
2.261 
2-267 
2-046 
2-046 
4.435 
42435 
1.973 
1.973 
4.353 
4.353 





Ambusher 


6.036 
6.036 
5-889 
5-889 
6.516 
E2516 
6-082 
6.082 
6.4718 
6./18 
3.500 
3-500 
6-074 
6.074 
Bio 
32559 
6.140 
6.140 
6.010 
6.010 
€.566 
6.566 
6.188 
6.188 
62/50 
6.150 
3.480 
3-480 
6.072 
Gre OFF 2 
ae? 
Be 259 
6.139 
6.139 


Ambushee 
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13.735 
13.735 
13.742 
13.742 
13.705 
13.705 
13.726 
13.726 
13.688 
13.688 
12.084 
12.084 
11.454 
11.454 
12.060 
12.060 
11.428 
11.428 
11.451 
11.451 
P2329 
114327 
11.395 
11.395 
11.272 
lle272 
11.980 
11.980 
11.130 
11.130 
11.949 
11.949 
11.089 
11.089 


Ambushee/Ambusher 


20216 
22276 
22334 
2.334 
2-103 
2-103 
20257 
2-257 
2-038 
2.038 
32453 
3453 
1.886 
1.886 
3.389 
3-389 
1.861 
1.861 
1.905 
1.995 
1.725 
Lemico 
1.841 
1] .84)] 
1.670 
1.670 
3.443 
32443 
1.833 
esas 
3.516 
3-316 
1.806 
1.806 























Ambusher 


6.009 
6.009 
6.566 
€.566 
6-188 
6.188 
6.750 
621/50 
32481 
32481 
6.073 
6.073 
32540 
32540 
6.139 
6-139 
6-010 
6.010 
6.566 
62566 
6.188 
6.188 
6.750 
6.750 
3456 
3-456 
6.091 
6.091 
3.605 
3.605 
6.156 
62156 
6.029 
6.029 


Ambushee 
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Pin2Z9 
11.129 
10.962 
10.962 
11.056 
11.056 
10.888 
10.888 
11.976 
11.976 
11.125 
11.125 
11.945 
11.945 
11.092 
11.092 
Tlei23 
11.123 
10.957 
10.957 
11.050 
11.050 
10.882 
10.882 
11.605 
11.695 
10.839 
10.839 
11.663 
11.663 
10.805 
10.805 
10.637 
10.837 


Ambushee/Ambusher 


1. G22 
1.852 
1-670 
1.670 
1.787 
1.787 
1.613 
1.613 
3.440 
3 «440 
Peose 
1.832 
3.374 
32374 
1.807 
1.807 
1.851 
1.851 
1.669 
1.669 
1.786 
1./&6 
1.612 
Pore 
Beoo4 
32384 
1.780 
1.780 
34250 
3235 
1./55 
1.755 
Loto? 
Pet ot 





Ambusher 


6.574 
6.574 
6.205 
6.205 
6.756 
6.756 
5.500 
5.500 
6.644 
6.644 
5.553 
5.553 
6.688 
6.688 
6.655 
6.655 
6.832 
6.832 
6.746 
6.746 
6.918 
6.918 
3.062 
3.062 
5.942 
5.942 
215120 
3.120 
6.012 
6.012 
5.862 
5.862 
6.505 
6.505 


Ambushee 


10.670 


. 10.670 
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10.762 
10.762 
11.296 
11.296 
0.846 
0.846 
0.0 
0.0 
0.743 
0.743 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
14.341 
14.341 
14.295 
14.295 
14.339 
14.339 
14.293 
14.293 
14.295 
14.295 
14.286 
14.286 


Ambushee/Ambusher 


1.623 
1.623 
1.734 
1.734 
1.6/2 
1.672 
0.154 
0.154 
0.0 
0.0 
0.134 
0.134 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.684 
4.684 
22406 
2-406 
4.596 
4.596 
Ceol 
Ze 
22439 
220439 
ZaLIS 
Cet 0 





Ambusher 


6.085 
6.0385 
6/11 
6.711 
3.062 
3-062 
52942 
5-942 
3-120 
3-120 
6.012 
6.012 
5-862 
5-862 
6.505 
6.505 
6.058 
6.058 
6/11 
6./11 
32065 
3.065 
5.943 
52943 
Bel23 
Bai23 
6.013 
6.013 
52663 
5-663 
6.505 
6.505 
6.059 
6.059 


Ambushee 
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14.291 
14.291 
14.282 
14.282 
14.341 
14.341 
14.295 
14.295 
14.339 
14.339 
14.293 
14.293 
14.295 
14.295 
14.286 
14.286 
14.291 
14.291 
14.282 
14.282 
14.328 
14.328 
14.281 
14.281 
14.326 
14.326 
14.279 
14.279 
14.28] 
14.2381 
14.2/1 
14.271 
14.277 
14.207 


Ambushee/Ambusher 


22349 
22349 
Zobas 
2-128 
4.684 
4.634 
2-406 
2-406 
4.596 
4.596 
20377 
2eatl 
20439 
22439 
ee 70 
2-196 
2359 
2.359 
Zico 
2.128 
4.675 
4.675 
2-403 
2-403 
4.587 
4.587 
Cate 
Zell? 
2-436 
20436 
Zao 4 
2-194 
2-356 
Zao 0 





Ambusher 


6./11 
6.711 
32154 
32154 
5.970 
5-970 
aeZl2Z 
ell Z 
6.039 
6.039 
5.893 
5.893 
6.518 
6.518 
6.085 
6.085 
6/19 
6./19 


Ambushee 


14.267 
14.267 
LeccoZ 
13.822 
13.713 
13.713 
13.875 
13.875 
13.706 
13.706 
13.713 
1354773 
13.679 
13.679 
13.698 
13.698 
13.664 
13.664 


68 


Ambushee/Ambusher 


2-126 
2-126 
4.401 
4.382 
2-297 
2-297 
4.320 
4.320 
2-270 
2270 
Zeoct 
2.327 
2.095 
2.095 
Zazol 
2-251 
2-034 
2.034 





Pee eNDIX E: 


Ambusher 


4.691 
4.713 
5842 
6-173 
4.747 
4.775 
5-865 
6.213 
5 2834 
6.170 
5.977 
6.380 
5,893 
6.263 
6.026 
6.453 
4.693 
52837 
4.149 
5.860 
6.211 
4.119 
6.172 
4.4717 
5-829 
62169 
5.971 
6.377 
5-888 
6-261 
6.019 
6.460 
4.842 
4.984 


FORCE STATUS AT 3.0 MIN OF ENGAGEMENT. 
Ambushee 
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1.596 
1.588 
0.0 
0.0 
1.449 
1.439 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.572 
1.564 
0.0 
0.0 
1.424 
1.414 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.046 


0.009 ° 


Ambushee/Ambusher 


0.340 
0.337 
0.0 
0.0 
0.305 
0.301 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
0.335 
0.268 
0.0 
0.0 
0.229 
0.296 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
0.010 
0.002 





Ambusher 


6.703 
6.703 
4.875 
52034 
6.615 
6.615 
6.897 
6.897 
6.677 
6.677 
6.1797 
6.797 
6.572 
Cee 
6.839 
6.839 
6.950 
6950 
6.851 
6.651 
6.961 
6.961 
6.956 
6.956 
6.972 
6.972 
6.972 
6.972 
6-989 
&.989 
2-000 
2.000 
2-000 
2-000 


Ambushee 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
16.863 
14.786 
13.808 
Loa S 
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Ambushee/Ambusher 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 
8.431 
(2578 
6.904 
6.856 





Ambusher 


2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
2-900 
2-000 
2-000 
2-000 
5-433 
2.000 
2-000 
2-900 
2.000 
2-000 
2-000 
2-900 
2-000 
2-000 
2-000 
2-000 
2.000 
2-000 
2.000 
2-000 
2.000 
2-000 
2-000 
2.000 
2-000 
2-090 
2-000 


Ambushee 


16.096 
14.605 
bes wo 
hel 7/02 
13.866 
ae 2) 
13.674 
13.647 
13.765 
13.693 
13.642 
13.623 
16.863 
14.786 
13.806 
1am le 
16.090 
14.605 
13.777 
13.701 
13.865 
lang20 
13.672 
13.646 
13.673 
13.691 
13.641 
13.570 
16.529 
14.674 
13.744 
13.655 
15.859 
14.509 
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Ambushee/Ambusher 


8.048 
7.2302 
6.889 
6.851 
6.933 
6.860 
6.837 
6.823 
6.882 
6.846 
6.821 
2.2507 
8.431 
14393 
6.903 
6.856 
8.045 
7 2302 
6.888 
6.850 
6.932 
6.860 
6.836 
6.823 
6.836 
6.845 
6.820 
6.785 
8.264 
Teo on 
6.872 
6.827 
72929 
1.25% 





Ambusher 


2-000 
2-000 
2.000 
2-000 
2.000 
4.849 
2-000 
2-000 
2-000 
5-460 
2.000 
2-000 
2-000 
4.743 
2.000 
2-000 
2-000 
4.926 
2-000 
4.395 
4.1791 
5.901 
2-000 
4.963 
50475 
6.219 
2-000 
2-000 
2-000 
4.962 
2-000 
2-000 
2-000 
Beizl 


Ambushee 


13.716 
13.644 
Pore a 
13.663 


35Gt4 


13.589 
13.702 
13.634 
Pon 0S 
13.564 
12.964 
12.419 
11.196 
11.149 
12.806 
22259 
11.158 
11.115 
11.212 
11.157 
10.989 
10.996 
11.119 
11.078 
10.908 
10.889 
13.507 
12.566 
10.664 
10.595 
eae ot 
12.435 
10.610 
10.549 


af? 


Ambushee/Ambusher 


6.852 
6.822 
6 .898 
6.831 
6.807 
2-802 
6.851 
6.817 
6./91 
2-484 
6.482 
6.209 
52598 
Zao ot 
6.403 
6.169 
Dato 
Za oD 
5-606 
22259 
229% 
lac oS 
52559 
Caco 
e992 
1.751 
6.753 
6.283 
5232 
Gals 
6.618 
6.217 
Die 10D 
2-060 





Ambusher 


2-000 
5-162 
4.682 
Dele 
6.009 
2-000 
52159 
5-167 
6.311 
2-000 
2-000 
2-000 
4.965 
2-000 
2-000 
2-000 
32124 
2-000 
4.686 
52237 
6.010 
2-000 
5/70 
Ceo LZ 
2-000 
2-000 
2-000 
5-118 
2-000 
2-000 
2-651 
52259 
2-000 
4.876 


Ambushee 


10.691 
10.495 
10.612 
10.362 


10.329 


10.560 
10.502 
10.247 
10.221 
134550 
12.561 
10.657 
10.589 
13.230 
12-430 
10.604 
10.543 
10.685 
10.606 
10.356 
HO.S22 
10.553 
10.241 
10.214 
12.843 
12.128 
Ge 2o2 
10.295 
12.637 
aa Ac 
10.300 
10.248 
10.376 
10.310 
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Ambushee/Ambusher 


5 2345 
2.053 
2-267 
1.981 
1.719 
5-280 
2-036 
L1./¢7 
1.620 
6.705 
6-280 
5 2328 
2-133 
6.615 
6.215 
5 «302 
2-058 
5 e342 
2-263 
1 a 
1./18 
52276 
1./75 
1.615 
6-421 
6.064 
Sia bio 
2-012 
6.318 
6.011 
3.613 
1.949 
De oe 
22114 





Til) ote 








Ambusher 


52441 
6.075 
3-232 
are 1S 
5-095 
6.362 
5.001 
50245 
6-644 
6.644 
5.030 
Deco) 
6.688 
6-682 
6-655 
6.655 
6.832 
6.832 
6.146 
6.746 


6.918 


6.918 
2-000 
2-000 
2-000 
2.000 


2.000 


2-000 
2-000 
2.000 
2.000 
2-000 
2-000 
4.286 


Ambushee 
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10.060 
10.031 
10.249 
10.200 
9.946 
J6923 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
15.769 
14.660 
14.316 
14.275 
15.300 
14.580 
14.304 
14.272 
Laws o 3 
14.278 
14.266 
14.258 


Ambushee/Ambusher 


1.849 
iecoot 
3.171 
1.934 
1.952 
1.560 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.884 
7.2330 
7.158 
7e1l37 
150 
12290 
Talo? 
tohSo 
7.176 
e239 
tel3s3 
aoe 





Ambusher 


2-000 
2-000 
2-000 
5-129 
2-000 
2-000 
2-000 
2-000 
2.000 
2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
4.286 
2-000 
2-000 
2-000 
52129 
2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
2-000 
4.303 
2-000 
2.000 


Ambushee 


14.299 
14.270 
14.258 
14.251 
15.771 
14.660 
14.316 
14.275 
LS. 01 
14.580 
14.303 
14.272 
14.353 
14.277 
14.266 
14.257 
14.299 
14.270 
14.257 
14.251 
15.709 
14.640 
14.301 
14.261] 
15.261 
14.562 
14.289 
14.258 
14.337 
14.263 
14.252 
14.243 
14.284 
14.255 
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Ambushee/Ambusher 


7.149 
det s5 
7.129 
Zan s 
7.885 
7.330 
tel50 
7.137 
2650 
12290 
tet ol 
7.136 
7.176 
4.138 
telso 
34326 
7.2149 
14135 
7.128 
2019 
7.854 
72320 
7-150 
2130 
7 630 
7.281 
71.144 
7.129 
deseo’ 
alol 
7.126 
3.310 
7.142 
Ute 





Ambusher 


2-000 
5-138 
2-000 
2-000 
2.000 
2.000 
2-000 
2-900 
2-000 
2-000 
2-000 
2-000 
2-000 
4.859 
2-000 
2-000 
2-000 
52464 


Ambushee 
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14.243 
14.237 
15.580 
14.381 
13./10 
13.650 
15.156 
14.272 
13.689 
13.640 
13.745 
13.655 
13.613 
13.0795 
13.677 
13.631 
13.587 
13.574 


Ambushee/Ambusher 


fel2l 
2/71 
7-790 
7.190 
6.855 
6.825 
1.578 
72136 
6.844 
6.820 
6.872 
6.827 
6.806 
2-798 
6.838 
6.815 
6.793 
2-484 








L ANALYSIS FOR 


NUMERICAL RESULTS OF THE FACTORIA 


AMBUSHER FORCE AT 2.0 MIN. 


APPENDIX F: 


FFIOMDINFONDAINTEODOWONLNOD OAD LOAN NADI NODAADIANDO ON OODMANDRO™OMNDOONAD™ Os ct 
DW DOIEA FADO BUN OP TF OAFUVODOFM ND DONO RADNN FINOMN NAO ONO AA AAA AANIOLIM MO GAMNOE ANNE OM 
FMM OAS AOD DOOAOD FED LFONGALFOOWNO SF DIMNODDOOMNOFNOOFONDNNODONDDQOIOOKH AST FOOONO 
MO DNDDATODDODDNAUNG FODMMAOFSHOOMOSODMNOO OO VOAAAOHMNONGWIOOVOOOY OVDOCOCOFA-FORONO 
NNO POST VONDONOAOMNPNODIST VOMODTSTOMNOOMODDOVOOMDWDODODDODVDDODDONGCDVODFONONODHO 
eeeee74eo7es*e0nes3rteeeveenrtrteeeee7nreeeeetrteereeee et eeeoeertrteeees#snstrteetere eeeteeeerereseeeere#ee8egeekeetee 
a a ar a a a dea 
= - -O aa) | | 
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FACTORIAL ANALYSIS FOR 


HUMMER LCAC RESULTS OF THE 
AMBUSHEE FORCE AT 2.0 MIN. 
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NUMERICAL RESULTS OF THE FACTORIAL ANALYSIS FOR 


AMBUSHEE-AMBUSHER FORCE RATIO AT 2.0 MIN. 
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NUMERICAL RESULTS OF THE FACTORIAL ANALYSIS FOR 


AMBUSHER FORCE AT 2.5 MIN. 
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